I. INTRODUCTION
In spite of the great progress attained recently in the construction of the modern realistic NN-potentials of second generation, based on the concept of improved one-and two-meson exchange [1] [2] [3] [4] , a large number of unsolved problems are still left in the field. The majority of the problems here is related to description of the short-range part of NN-interaction and to the quantitative description of few-nucleon systems [5] [6] [7] [8] [9] . In particular, one of the basic problems is connected with the consistent incorporation of gluon-and quark-exchange degrees of freedom and their "matching" with the meson-exchange concept.
One of the most fundamental difficulties here is how to avoid double counting of the same effects in the gluon-and meson-exchange sectors of the unified interaction. Another basic problem is the fact the true six-quark microscopic Hamiltonian is presently unknown. While some effective three-quark Hamiltonians which include chiral symmetry breaking and confinement [10] [11] [12] have been developed to describe the baryon spectra, there is no guarantee that the same Hamiltonians can also be applied for six-(and multi) quark systems.
Recently [5] [6] [7] [8] [9] some fundamental problems have also been found in the consistent description of few-nucleon and meson-few-nucleon systems. On the one hand, the numerous calculations made in recent years for quark-effects in various few-nucleon observables [13, 14] have shown, in general, quite moderate contributions of such effects at low energies and momentum transfers [13] [14] [15] [16] . On the other hand, however, quite remarkable disagreements between the data and the most accurate three-and four-nucleon calculations have been found [5] [6] [7] [8] . They probably can be ascribed to an improper treatment of the quark degrees of freedom. This follows from the fact that the above mentioned few-nucleon calculations do include 3N-force and ∆-isobar effects together with the most realistic NN interactions, i.e. they include, to our current knowledge, all essential contributions.
Thus, developing a quantitative NN-interaction which includes properly both quark-and meson exchange effects and is, on the other hand, not so difficult to handle and complicated as those NN models derived from multiquark Hamiltonians, is still very topical. Besides, in view of our insufficient knowledge of the accurate six-quark Hamiltonian, the theory must be constructed in a manner to avoid features of QCD which presently can not be handled with confidence, e.g. in particular theinteraction, the form of confinement (e.g. linear or quadratic) etc. At the same time, however, it is highly desirable to incorporate into the interaction model some general reasoning about the preferred symmetry of the six-quark system in various NN channels, about the characteristic size of six-quark states etc. In such a case the conclusions derived from the model will result mainly from general symmetry requirements and general structure of the model etc. rather than some particular choice of parameters for theinteraction, or for the particular law of confinement etc.
We will demonstrate in the present work that only a few basic assumptions are quite sufficient for the derivation of such a hybrid model. On this basis quark effects in the fewnucleon physics can be described more reliably. Our consideration is based on the assumption (which is common for all hybrid models) that both nucleons merge somehow their quark contents at short ranges into different six-quark states dependent on the partial wave, the energy and the total spin. While at intermediate and large distances where the nucleons do not overlap noticeably with each other the interaction mechanism is governed by one-meson exchange (which was just the original Yukawa idea about the origin of strong interaction [17, 18] ). This is a common basis of all hybrid models and one model is distinguished from other one by the way of matching of inner quark-and external meson-exchange channels. E.g. in hybrid models due to Kisslinger [19] and Simonov [20] , the matching of both channels is done at some arbitrarily chosen hypersphere with radius R, although the matching conditions in both models [19, 20] are quite different.
In a sharp contrast to such hybrid models we prefer to do this matching in the Hilbert space of the six-quark states with different symmetries, where every such a state is constructed from single-particle harmonic oscillator (h.o) quark orbits [21] [22] [23] . Thus, in accordance to this idea we subdivide a total Hilbert space H of the six-quark states on two mutually orthogonal subspaces H P and H Q :
In the first subspace H Q we include six-quark states with highest possible spatial symmetry, where one has a maximal overlap of the single-quark orbitals. Whereas the six-quark states with a lower spatial symmetry are placed in its orthogonal complementary subspace.
The most symmetrical states can be shown to have the structure which is rather similar to compound states in a spherical or weakly deformed bag. On the other hand the states of lower symmetry include a few p-quark orbitals like s 4 p 2 , s 3 p 3 etc. and these mixed symmetry states, being projected out onto NN-channel (of unexcited nucleons), result into the nodal NN-radial wavefunctions [21] . Accordingly, their structure is analogous to clusterized peripheral states.
On the basis of above considerations and also of other arguments of symmetry character we have suggested in the previous works [24] [25] [26] [27] [28] a two-component model for baryon-baryon interaction with two mutually orthogonal channels. Then, by subsequent exclusion of sixquark compound states one comes to an effective one-channel potential model of Moscow type, in which a deep NN-potential well includes as its eigenstates the most symmetrical six-quark states (to be more precise, their projections onto the NN-channel). As a result of combining two different components into one channel for the effective interaction, the orthogonality condition between NN scattering states and localized six-quark states in such a model is satisfied automatically due to the hermiticity of the Hamiltonian. In a consistent realization of such a program the wavefunctions of the NN-relative motion in the "external", i.e. clusterized channel are generally not to be related to the six-quark wavefunctions in the "inner" channel. Moreover, it is very likely they should be wavefunctions belonging to quite different Hamiltonians. The underlying dynamics of the most symmetric six-quark states must be very tightly interrelated to specific chromodynamic effects such as quark-and gluon condensates, instantons, breaking chiral invariance etc. whereas the external channel should be describable in terms of meson-exchange.
Thus, these two different channels can hardly be described consistently by a unified
Hamiltonian (at least, on the up-to-date level of our knowledge for low-energy QCD). The price to perform technically this description is a different dynamics in the multiquark-and meson-exchange channels 1 . And hence it is highly desirable to employ for these two components a two-channel model with mutually orthogonal channels.
This reasoning justifies our model from the physical point of view. Moreover, its real success in description of NN partial amplitudes demonstrated in the present paper allows to justify the model a posteriori!
The structure of the work is as follows. In the Section II we present our approach for the construction of the two-component hybrid model of NN-interaction and its interrelation to possible dibaryons. In the Section III we present a realization of the generalized orthogonality-condition model (GOCM). In Section IV the above GOCM is constructed and the structure of the one-channel potential is discussed. Section V is devoted to a quantitative description of NN-phase shifts in the energy range 0 -350 MeV. We give here also the effective-range parameters and a detailed discussion of the structure of the deuteron. In Section VI we discuss specific nonconventional interference and tensor mixing between nodal and nodeless wavefunctions and the cut-off parameters for the meson-exchange potentials at short range. And finally, the main results of the work are summarized in the Section VII. In the Appendix we give the formulas for our interaction model in the momentum representation.
1 It should be emphasized that in currently developed models of baryons in which the qq− interaction is described via one-meson exchange [10, 21] these one-meson degrees of freedom are nothing else but effective degrees of freedom. Thus, these degrees of freedom in multiquark system will be somehow different from those in three-quark system.
II. A HYBRID MODEL WITH ORTHOGONAL COMPONENTS
The nucleon-nucleon interaction at large and intermediate distances is well known and can be described by meson-exchange potentials [2, 4] . The internal nucleon degrees of freedom (quark and gluon ones, if we start from the quark model for nucleon) do not show up in this approach. However, when the nucleons come closer than ∼1 fm, a transition of the NN system into other channels arises, i.e. the internal nucleon degrees of freedom begin to be of crucial importance. As a dynamic model, e.g., a six-quark bag model can be used.
However we still have no full dynamic model describing all possible states of the twonucleon system. Therefore we divide the full Hilbert space H (including both nucleonic and non-nucleonic degrees of freedom) into two orthogonal subspaces [24] [25] [26] [27] [28] :
These subspaces must be orthogonal because the dynamics in them is essentially different:
one of them -H N N -includes only nucleonic degrees of freedom and meson -exchange dynamics, whereas the other, named H 6q , includes 6q-model dynamics (or QCD-inspired dynamics). Accordingly to (1) we introduce two mutually orthogonal projection operators P N N and P 6q . It is important that the (unknown) full Hamiltonian of the system does not commutate with P N N and P 6q and contains transitions between the NN-and the 6q-channels.
If we suppose the existence of a full Hamiltonian H obeying the 6q Schrödinger equation:
one can easily obtain, following Feshbach [29] , the effective Hamiltonian for NN-component:
In accordance with these ideas the effective nucleon-nucleon Hamiltonian h N N ≡ P N N HP N N includes only meson-exchange potentials:
The second term in eq. (3a) is an effective potential which couples NN-and 6q-channels and will be designated further as v N qN . With these notations, the effective equation with orthogonality condition (3b) takes the form:
As an effective wavefunction in NN-channel ψ N N one can naturally use the resonating group ansatz (RGA):
in which ϕ N is the nucleon wavefunction andχ NN is the wavefunction for the NN-relative motion obeying the orthogonality constraint (3b).
The approach above formulated can be considered as a general formal framework for the hybrid model of the NN interaction. The parameters of v N qN can be determined from the underlying six-quark Hamiltonian [21, 22] , if one assumes that the effectiveinteraction is the same in 3q-and 6q-systems, or by fitting the NN-scattering phase shifts. (A quite similar procedure has been used, e.g., in the quark compound bag model due to Simonov [20] .)
There are two essential differences in our approach from other hybrid models. These are the orthogonality condition in eqs. (5) and the structure of total Hamiltonian. It should be emphasized that equations (3) and (5) 
III. TWO-COMPONENT MODEL IN FRAME OF CONSTITUEUENT QUARK MODEL AND MOSCOW POTENTIAL
To fill the general scheme (5) with a microscopic content it is necessary to use some approximation for the full Hamiltonian H. This can be done in the frame of the constituent quark model (see e.g. our previous paper [27] This choice of H 6q can be justified by several independent reasons [23] [24] [25] [26] [27] [28] . E.g., recent chiral model calculations [30] have shown that the structure of fully symmetric 6q states Green function [P 6q (E − H)P 6q ] with one pole at E = E 6q one gets a separable form for the
where
As a projection operator onto the NN-channel one can employ a respective operator taken from the resonating group method (RGM):
where ψ N is the three -quark function of the nucleon, A is the antisymmetrizer, and N is the overlap kernel:
With this choice of the projection operator P N N , the model equation (5) becomes a two-body effective Schrödinger equation for the orthogonalized relative motion wave functionχ(R)
In a good approximation one can take a delta-function for the overlap kernel N (R, R ′ ) [21, 22] :
We emphasize once again that eq. (9a) with the orthogonality condition (9b) is not equivalent to the full six-quark Schrödinger equation Hψ = Eψ. Actually we suppose we know only individual parts of the full Hamiltonian: Thus the full six-quark Hamiltonian is needed only for determination of coupling between the subspaces in eq. (6) . In this model the 6q-bag functions ψ 6q are not eigenfunctions of the full Hamiltonian (otherwise [P 6q , H] = 0 and v N qN ≡ 0). Moreover, it is obvious that the sum of the projectors P N N (7) and P 6q = |ψ 6q >< ψ 6q | is not unity in the full six-quark space H. Therefore, eq. (9) cannot be formally deduced from the full Schrödinger equation and the orthogonality condition (9b) proves to be necessary.
The effective two-nucleon equation (9a) provides the basis for developing the local and nonlocal parts of NN-interaction models of Moscow type. The main point here is just the orthogonality condition (in S-and P -waves), which results in appearance of nodes in NNscattering wave functions, the positions of the nodes being do not depend on energy (at least up to laboratory energies E N N ∼1 GeV). The term v N qN provides an additional attractive interaction at E < E 6q . It has been shown in previous papers [24] [25] [26] [27] [28] , that the phase shifts and nodal behavior of wave functions typical for eq. (9) are well reproduced by a deep local attractive potential with an extra bound state and the respective orthogonality condition constraint. So, from this point of view, the NN-interaction model, known today as Moscow potential, is the simplest local model which ensures the orthogonality between the scattering wave functions and the most symmetric 6q states |s 6 [6] > projected onto the NN-channel.
However the situation for P -waves turns out to be already different. Attempts to achieve a satisfactory description of the phase shifts by using a local attractive potential failed for these partial waves [25] . Therefore, one needs to use the general orthogonality condition model (GOCM) presented here.
IV. STRUCTURE OF THE POTENTIAL
Here we give the full version of the NN potential model with the additional orthogonality condition in S-and P -waves. The potential is an effective one-component approximation to the two-component model, described in the previous section. Actually we have replaced the nonlocal term V N qN (attractive at low energies) in eq. (9) by an additional local attractive well.
The total interaction is however highly nonlocal due to the presence of the S-and P -wave projection operators which are employed in order to take into account the orthogonality condition (9b). As a result we do not require locality, this means we have a weaker interrelation between the orthogonality condition and the form of the attractive well. This decoupling of the attractive potential from the orthogonality condition improves essentially the approach.
In particular, the quality of the fits for P -waves gets more accurate than in the old-fashioned
Moscow model with eigenprojection [24] [25] [26] . Besides the matrix eigenstate projector in cou-
, as was demonstrated in our previous paper [27] , can be replaced quite accurately by a scalar one-channel projector.
In order to use a potential with the orthogonality conditions in few-body calculations, one has to add the projection operator with a very large positive coupling constant to the local part of the potential, in all S-and P partial waves [27] .
For the sake of uniformity and convenience we include similar separable terms, but with finite coupling constants, also in some other partial waves (D and F ). These terms replace the standard spin-orbital part of the interaction (for even-parity waves) and reduce partially a strong attraction due to the central part of the local potential. In fact, these separable terms imitate a short-range repulsion generated by ω-meson exchange 2 . We include also the tensor interaction which couples partial waves with angular momenta l and l ± 2. It can be quite accurately described by a truncated OPE-potential in all partial waves with the channel coupling being determined by a truncation parameter.
In the present version of Moscow potential we have replaced the Gaussian form of the 2 It should be emphasized here that the ω-exchange terms in traditional meson-exchange models are highly nonlocal due to form factors and energy-and momentum dependence. Thus, the model potential consists out of three parts:
where the local exponent well v loc M depends on the channel spin and parity:
In the state-dependent separable part
a Gaussian form factor < r|ϕ >= ϕ(r) is used:
with normalization condition ϕ 2 dr = 1. The integer l labels the partial waves.
For the one-pion-exchange part of the potential the standard form with a dipole form factor is chosen:
With such a form factor choice the OPE tensor potential vanishes at the origin as it should. In the coordinate representation the OPE-potential has the form:
where the tensor operatorŜ
and
We use here the averaged pion mass m = (m π 0 + 2m π ± )/3 and the averaged value of pion-nucleon coupling constant f 
V. DESCRIPTION OF PHASE SHIFTS AND DEUTERON STRUCTURE
The potential parameters as given in Tables I-II were determined by fitting the Nijmegen phase shifts (PWA93) [1] . In Figs. 1-3 A. Singlet partial wave channels
The description of singlet n − p phase shifts for both even-and odd parities is illustrated Also there is a problem in precise description of the singlet effective range r 0 (see the   Table III) . We used as "experimental" the value r 0 presented in compilation of Dumbrajs et all of 1983 (see footnote to the Table III) . However, in view of the very good agreement of our phase shifts with the Nijmegen PSA for 1 S 0 -channel one could conclude that the disagreement for r 0 should be really much reduced.
B. The even-parity waves
The S-wave potential turns out, as is in the previous versions of Moscow potential [27] , to be strongly attractive. The Gaussian (15) with the range parameter r 0 , included in the orthogonality condition (9b), is close to the eigenfunction of the ground "forbidden" state in the potential. In other words, we obtain for S-waves actually almost a local potential. However, for the 3 S 1 − 3 D 1 channel (and also for all triplet coupled channels) we use, strictly speaking, non-eigenstate one-channel projector, as in [27] , in order to avoid a more complicated two-channel eigenprojector.
We do not introduce here a spin-orbital potential for even partial waves in an explicit form because it cannot be determined by PSA-data for 3 S 1 − 3 D 1 channel, and the role of spin-orbital potential for higher even-parity partial waves is played by the term v sep .
It should be kept in mind here that the complete two-channel version of our model includes in the proper NN-channel one-meson exchange interaction terms (in a subspace orthogonal to symmetric six-quark compound states). Thus, in the two-channel model, the spin-orbit terms should be described by a conventional meson-exchange model. However in the effective one-channel model presented here the separable state-dependent spin-orbit interaction in even-parity channels is inavoidable to compensate partially the strong attractive potential in the S-wave.
The effective range parameters for singlet and triplet S-wave channels are given in Table III . Among all the calculated phase shifts the maximal disagreement with PWA93
(though not large) is observed for the tensor mixing parameter ε 1 .
C. The triplet odd-parity waves
In the accordance to the microscopic quark picture, the orthogonality to the bag-like functions |s 5 p[51] > must be included for all P -waves. However, if we shall look at the behaviour of "experimental" P -wave phase shifts at energies up to 500 MeV we shall not find any repulsion in the 3 P 2 channel, because the corresponding phase shifts are purely positive until the energies ∼1 GeV. There is no repulsive core for this channel also in the majority of the conventional realistic NN potentials. But if we look to the phase shifts at high energies (see Fig. 4 ) one can observe a repulsion appearing in all three triplet P -waves, while 3 P 2 -phase shifts becoming negative only at energies higher 1 GeV. From the point of view of the constraints imposed by the orthogonality condition, this means the function to which the 3 P 2 scattering function is orthogonal is much more narrow than that for other P -wave channels, 3 P 0 and 3 P 1 .
It is interesting that fitting the 3 P 2 -wave at energies up to 350 MeV enables us already to determine the range parameter r 0 of the projector (see Table II ). The inclusion of the projector improves appreciably the description of the phase shifts up to 350 MeV. An attempt to reproduce the 3 P 2 -phase shift using a purely attractive potential with "extra" bound state results in a very deep (∼15 GeV) potential and an unsatisfactory quality of the description.
Besides, such a deep potential is not suitable for description of the 3 P 0 and 3 P 1 phase shifts.
That is why we have waived in the present version from the concept of a local Moscow model for P -waves.
So, for odd partial waves we have a rather small attractive well (∼220 MeV) and orthogonality to the non-eigen bound states for local part of potential. It might mean the size of six-quark bag in P -waves should be smaller than in 3 S 1 and 1 S 0 waves. One notices here that the range parameters of the projectors for the 3 P 0 and 3 P 1 -channels (r 0 ≈ 0.32 fm) are almost coinciding with each other. As is seen from Fig. 4 , attraction for some odd higher partial waves with L = J ( 3 F 3 and 3 H 5 ) is noticeably deficient in the given version of the model.
Unlike the even partial waves, we used a more conventional local spin-orbit potential for odd partial waves (see eq. ( 14)) because the usage of the separable spin-orbital form is not convenient to describe the splitting of P -phase shifts.
It would be rather instructive to estimate the averaged relative difference of phase shifts predicted by the Moscow model and the recent phase shift analysis [1] using the criterion of relative difference or the respective absolute difference measured in radians: Table V ). Nevertheless the node in the S-wave and the strong attractive S-wave potential, tightly related to this, results in a very specific interference between S-and D-wave components and a specific character of tensor mixing (see Section VI).
The values of deuteron observables for three versions of our force model are presented in Table V while Table V) .
Thus we can conclude from the deuteron results presented in this Section that the shortrange part of the tensor force needs to be a bit improved. Careful inspection of the Table V shows unambiguously the general good agreement for the deuteron parameters found with the sharply different force models such as Nijmegen and Moscow potentials. The values for the deuteron observables are a result of some general properties (like OPE tail) and of the NN phase-shifts used for fitting only and essentially do not depend on the details of the force at short ranges 3 .
VI. SPECIFIC INTERFERENCE BETWEEN TENSOR AND CENTRAL FORCES AND THE πNN COUPLING CONSTANT IN THE MOSCOW FORCE

MODEL
We included this specialized Section to the present work in order to emphasize a specific character of interference between tensor and central forces in the Moscow force model. This interference will be shown below to be very advantageous in some aspects as compared to the traditional force models. The main difference between our and traditional models as concerned to wave function form is the nodal character of the S-wave deuteron and scattering wavefunctions and the practically nodeless character of the D-wave functions. 3 Certainly this conclusion may be invalid for non-static, e.g. energy-dependent or multicomponent force models.
We will show here that the specific tensor mixing between the S-wave state with a node and the almost nodeless D-wave state results in a remarkably different ε 1 -behavior. We compare the D-wave observables with the results of traditional models.
First of all we emphasize here that the best fit for NN phase shifts is attained in our case with a very reasonable value for the OPE cut-off parameter Λ dip = 0.78 GeV (we used here the dipole form factor), see eq. (17). This soft cut-off parameter is in nice agreement with both experimental results and with all theoretical estimations made in π-N dynamics Table V ).
In despite of the "soft" value of Λ, the D-wave deuteron properties in our model (see Table V in Sect. V) are in a rather good agreement with the experimental data, being remarkably better than the respective predictions of the traditional force models with the same Λ value. We note, in passing, that the harder truncation with Λ ≃ 1.3 ÷ 1.7 GeV is usually taken in the traditional force model just in order to fit reasonably the deuteron properties and the tensor mixing parameter (see below).
The second important point in the story is related to the mixing parameter ε 1 . In fact, in order to reach a reasonable agreement with the recent phase shift analysis data for the ε 1 -mixing parameter [1, 33] the Λ-value must be taken also around 1.5 ÷ 1.7 GeV [38] (see The two nice features of our model discussed above, i.e. the soft cut-off parameter Λ and low value of πNN coupling constant, are in agreement with modern trends and lend strong support to our model.
VII. CONCLUSION
The force model presented in this paper differs in a few important aspects from traditional NN interaction models currently in use. First of all the Moscow two-component model includes two mutually orthogonal quark-and meson-exchange channels. This channel orthogonality leads to many differences from the traditional force models. In particular it requires a node in low partial waves with the node position almost independent on the relative energy in a wide energy range (≤ 1 GeV). The nodal behaviour of wave functions is also preserved for the one-channel model presented here. The node in the NN wave functions results in an enhancement of high momentum components and a strong increase of the average kinetic energy in the deuteron and in all few-nucleon systems. This increase of the inner kinetic energy leads to significant enhancement of higher angular momentum components in nuclei and nuclear matter and also for many particular nuclear processes [27, 28] like π-meson absorption and scattering in the ∆-resonance region etc. This strong enhancement of high-momentum components in N − N system as compared to any traditional N − N force model may be seen e.g. in hard bremsstrahlung process pp → ppγ [39] at E p = 300 MeV and higher at small forward and backward angles θ γ of γ-emission. To make the comparison with traditional repulsive core models most unambiguously the authors [39] did their bremsstrahlung calculations with both the Moscow model (in its previous version [26] ) and its exact phase-shift equivalent supersymmetrical partner. Thus, such a comparison removes any questions on the possible on-shell origin of disagreements observed.
Redistribution of higher partial waves along Jacoby coordinates leads e.g. to a noticeable enhancement of the P -wave attraction for N + d and N + 2α systems [27, 40] . The long-standing puzzle of the analyzing power A y in low energy N + d scattering is explained by insufficient attraction in just the N − d relative motion P -wave [5, 6] . The apparent discrepancies for n + 3 H elastic and n + 3 He → d + d rearrangement low-energy scattering observed recently [8] appear to have to be explained also by insufficient attraction in the n + 3 H( 3 He) P -wave [7, 8] . sections (so called the Sagara puzzle [6, 7] ). Hence the careful comparison of the predictions for few-nucleon systems using the Moscow force and more traditional NN interactions may be extremely interesting.
APPENDIX: MOSCOW POTENTIAL IN MOMENTUM SPACE
The K-matrix defined as
( M is the reduced mass while q is a linear momentum) obeys the partial-wave Lippmann-
where P means the principal value integral. The elements of matrixV in eq. (2) are equal to the partial-wave momentum-space potential in lSJ basis (up to factor 1/4π):
where V (q) is related to V (r) by a standard Fourier transformation:
Here we give explicit formulas for all terms of the present version of Moscow potential
where the parametersβ andβ 1 are given in MeV:
F l is being the derivative of the second kind Legendre function:
Separable terms of the potential
In momentum space the separable terms with Gaussian form factors (15, 16) have the same form as in the coordinate space:
Here the normalization condition ϕ 2 l (q)q 2 dq = 1 is assumed and the factor π/2 is related to the integration measure used in eq.(A2), andr 0 is given in MeV −1 :
The OPE potential with dipole truncation
For the sake of reader's convenience we give also the known formulas for OPE matrix elements.
a) The central part of OPE potential:
Here and below
b) The tensor part of OPE potential for triplet uncoupled channels with l = J:
where the function G l is introduced as follows:
and x and y are defined by eq.(A10)
c) The tensor part of OPE potential for coupled channels with l = J ± 1:
TABLES e The present value is taken from [41] Figure captions 
